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ABSTRACT

Dairy products are the main source of conjugated
linoleic acid (CLA), a functional food component with
health benefits. The major source of cis-9, trans-11 CLA
in milk fat is endogenous synthesis via Δ9-desaturase
from trans-11 18:1, with the remainder from incomplete
rumen biohydrogenation of linoleic acid. Diet has a ma-
jor influence on milk fat CLA; however, effects of physio-
logical factors have received little attention. Our objec-
tives were to examine milk fat content of CLA and the
CLA-desaturase index with regard to: 1) effect of breed,
parity, and stage of lactation, and 2) variation among
individuals and the relationship to milk and milk fat.
Holstein (n = 113) and Brown Swiss (n = 106) cows were
fed a single diet and milk sampled on the same day to
avoid confounding effects of diet and season. Frequency
distributions demonstrated that milk fat content of
CLA and CLA-desaturase index varied over threefold
among individuals, and this needs to be considered in
the design of experiments. Holsteins had a higher milk
fat content of CLA and CLA-desaturase index, but
breed differences were minor. Parity and days in milk
also had little or no relationship to the individual varia-
tion for these two CLA variables. Breed, parity, and
days in milk accounted for <0.1, <0.3, and <2.0% of total
variation in CLA concentration in milk fat, respectively.
Milk fat content of CLA and CLA-desaturase index were
essentially independent of milk yield, milk fat percent,
and milk fat yield. We speculate that the basis for the
genetic variation among individuals is related to rumen
output of trans-11 18:1 and to a lesser extent cis-9,
trans-11 CLA, and to the tissue amount and activity of
Δ9-desaturase.
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INTRODUCTION

Conjugated linoleic acid (CLA) is a term representing
a mixture of positional and geometric isomers of octade-
cadienoic acid with a conjugated double bond system.
Conjugated linoleic acid has been shown to possess a
number of health benefits based on biomedical studies
across a variety of animal models. These include anti-
carcinogenic, anti-atherogenic, anti-obesity, anti-dia-
betic and immune system enhancement [see reviews:
McGuire and McGuire (2000), Belury (2002)]. These
effects may be related to specific CLA isomers, and this
is an active area of research.

cis-9, trans-11 Conjugated linoleic acid is the major
CLA isomer found in dairy products accounting for 75
to 90% of the total CLA in milk fat (Bauman et al.,
2003). This CLA isomer has been established as having
anti-carcinogenic properties when included as a dietary
supplement or consumed as a natural component of
foods (Ip et al., 1999). The cis-9, trans-11 CLA in milk
fat is primarily a product of endogenous synthesis via
the enzyme Δ9-desaturase, with the substrate being
trans-11 18:1, an intermediate formed in rumen biohy-
drogenation of linoleic and linolenic acids [see reviews:
Bauman et al. (2001, 2003)]. A CLA-desaturase index
can be calculated from the product-substrate relation-
ship between cis-9, trans-11 CLA and trans-11 18:1 and
this serves as a proxy for Δ9-desaturase (Bauman et
al., 2001). Conjugated linoleic acid is also an intermedi-
ate in the rumen biohydrogenation of linoleic acid, and
some escapes complete biohydrogenation and provides
the remainder of the CLA in milk fat.

Diet has a major influence on milk fat CLA, and this
has been extensively investigated [see reviews: Bau-
man et al. (2001), Chilliard et al. (2001)]. By manipulat-
ing the diet of dairy cows, the CLA content of milk
fat can be varied over fivefold. In contrast, effects of
physiological factors such as breed, stage of lactation,
and parity on the CLA in milk fat and the CLA-desatur-
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Table 1. Ingredient and chemical composition of experimental diet.

Composition Content

Ingredients, % of DM
Alfalfa hay 36.85
Steam flaked corn 28.16
Whole cottonseed 6.94
Soybean hulls 6.94
Fat bran, 20% tallow 6.94
Corn distillers grain 5.93
Vitamin and mineral supplement1 4.07
Molasses 3.18
Energy II 0.97

Chemical composition,2 % of DM
CP 17.16
NDF 28.17
ADF 18.95
EE 6.88
Ca 1.10
P 0.42

NEl (Mcal/kg of DM) 1.85

1Composition (%) of the supplement: blood meal, 35.27; sodium
bicarbonate, 19.60; calcium 38%, 10.20; mono-dical 21%, 10.20; men-
haden fishmeal (ruminant grade), 9.80; magnesium oxide, 6.80; salt,
2.55; tallow, 2.50; yeast culture, 0.86; MTB 100 binder, 0.85; trace
mineral proteinates, 0.62; zinc sulfate, 0.25; manganese sulfate, 0.21;
vitamin E, 0.08; copper sulfate 27, 0.08; vitamin A (39,382 IU/kg),
0.07; bran, 0.05; sodium selenite 4.5%, 0.02; cobalt carbonate, 0.01;
and potassium iodine, 0.0025.

2Wet chemistry analysis of the diet was performed by Chandler
Analytical Laboratories (Chandler, AZ). Dry matter averaged 58.14%.

ase index have received little attention. Therefore, ob-
jectives of the present study were to examine the milk
fat content of CLA and the CLA-desaturase index with
regard to: 1) effect of breed, parity, and stage of lacta-
tion, and 2) the variation among individuals and rela-
tionship to milk yield and milk fat.

MATERIALS AND METHODS

Lactating Holstein (n = 113; 49 primiparous and 64
multiparous) and Brown Swiss (n = 106; 47 primiparous
and 59 multiparous) dairy cows, from the University
of Arizona herd were used. All cows were fed an identi-
cal TMR (Table 1) formulated to meet or exceed nutrient
requirements (NRC, 2001). Milk samples were obtained
from the daily milkings on January 30, 2001, and a
composite milk sample was formed for each cow. One
aliquot was sent to the Arizona DHIA (Tempe, AZ)
where milk fat and true protein were analyzed using
AOAC approved infrared analysis equipment and pro-
cedures. Equipment and procedures are also certified
each year by National DHIA. Another aliquot of the
milk composite was centrifuged at 17,800 × g for 30
min at 8°C, and 300 to 350 mg of the fat cake was
removed, frozen, and shipped to Cornell University. The
fat cake was stored at −20°C until fatty acid analysis.
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Fatty Acid Analysis and Calculations

Lipid extraction of milk fat was performed according
to Hara and Radin (1978) as described by Chouinard
et al. (1999). Milk fatty acids were transesterified with
sodium methoxide according to the method of Christie
(1982) with modifications. Hexane was added to 40 mg
of butter oil followed by 40 �l of methyl acetate. The
mixture was vortexed and 40 �l methylation reagent
(1.75 ml of methanol: 0.4 ml of 5.4 M sodium methylate)
was added. The mixture was vortexed, allowed to react
for 10 min, and then 60 �l of termination reagent (1 g
of oxalic acid/30 ml of diethyl ether) was added. Several
grains of anhydrous CaCl2 were added and the solution
incubated at room temperature for 1 h. The sample was
then centrifuged for 5 min at 2400 × g at 4°C, and
the hexane layer was removed and used directly for
chromatographic determination.

Fatty acid methyl esters were analyzed by gas chro-
matography (Hewlett Packard GC system 6890+ with
a flame-ionization detector) using a SP-2560 capillary
column (100 m × 0.25 mm i.d. with 0.2-μm film thick-
ness; Supelco Inc., Bellefonte, PA). The analysis in-
volved a programmed run with temperature ramps un-
der conditions and temperatures as described by
Baumgard et al. (2001). Each peak was identified and
quantified using pure methyl-ester standards (NuChek
Prep, Elysian, MN). A butter reference standard (CRM
164; Commission of the European Communities, Com-
munity Bureau of Reference, Brussels, Belgium) was
analyzed at regular intervals for quality control pur-
poses and was also used to determine recoveries and
correction factors for individual fatty acids.

The fatty acid composition of milk fat is expressed
as amount of each individual fatty acid per total fatty
acids present. This involved transforming the data from
gas chromatographic analysis (fatty acid methyl esters)
to a fatty acid basis. Conjugated linoleic acid concentra-
tions are generally expressed as milligrams per gram
of fatty acids as is typical for scientific literature on
CLA. The desaturase index was also calculated for four
pairs of fatty acids that represent products and sub-
strates for Δ9-desaturase. These fatty acid pairs were
cis-9 14:1/14:0, cis-9 16:1/16:0, cis-9 18:1/18:0, and cis-9,
trans-11 CLA/trans-11 18:1. We defined the desaturase
index as follows: [product of Δ9-desaturase]/[product of
Δ9-desaturase + substrate of Δ9-desaturase]. For exam-
ple, the CLA-desaturase index would be calculated as:

[cis-9, trans-11 CLA]/
[cis-9, trans-11 CLA + trans-11 18:1]

Statistical Analysis

The general linear model procedure (PROC GLM) of
SAS (2000) was used to develop a regression model for
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Table 2. Performance of lactating dairy cows on the day of sampling.1

Holstein Brown Swiss

Variable Mean Range Mean Range

Parity 2.5 1–10 2.1 1–8
Days in milk 176 13–533 182 8–624
Milk yield, kg/d 38.0 ± 0.8 16.5–61.5 31.5 ± 0.8 11.2–57.4
Milk protein2

% 3.03 ± 0.02 2.50–3.80 3.46 ± 0.02 2.60–4.10
kg/d 1.13 ± 0.02 0.53–1.82 1.08 ± 0.02 0.40–1.67

Milk fat
% 3.41 ± 0.06 2.00–6.10 3.86 ± 0.06 1.90–5.70
kg/d 1.28 ± 0.03 0.54–2.28 1.21 ± 0.03 0.31–2.12

1Milk samples were taken from Holstein (n = 113) and Brown Swiss (n = 106) dairy cows on the same
day, while all cows were consuming the same diet. Performance variables represent means ± SE for respective
breeds after accounting for the effects of parity and days in milk.

2True protein.

analyzing these data. Categorical predictors of breed
(Holstein and Brown Swiss) and parity (primiparous:
lactation = 1 and multiparous: lactation ≥ 2) were in-
cluded in the model. To evaluate the effect of stage of
lactation, the general linear test was used to test for
polynomials of DIM up to DIM6 and significant interac-
tions. Polynomials beyond the quadratic term for DIM
were not significant and none of the tested interactions
were significant. Based on these tests, the final model
utilized was:

Yijk = βo + β1Bi + β2Pj + β3Dk + β3D2
k + εijk,

where Yijk is the response variable, Bi is the ith breed,
Pj is the jth parity, Dk is the kth DIM, and εijk is the
residual error term. Correlation of ratios for the fatty
acid pairs representing the desaturase index were de-
termined using the correlation procedure (PROC
CORR) of SAS (2000).

RESULTS AND DISCUSSION

General Characteristics and Milk Composition

Characteristics, milk production, and milk composi-
tion averages are presented in Table 2. Average parity
and DIM were similar for the two breeds. In general,
milk production and milk composition were characteris-
tic of each breed. Holstein cows had greater milk pro-
duction, whereas Brown Swiss cows on average had
higher milk content of fat and protein. As a result, daily
yields of milk fat and milk protein were similar between
the two breeds. Earlier studies demonstrated similar
patterns between Holstein and Brown Swiss in milk
yield and the content and yield of fat and protein (see
review by Jenness, 1985).
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Milk fatty acid composition is presented in Table 3.
Of total fatty acids (weight basis), short- and medium-
chain length fatty acids (<16 carbons) represented
21.4% for Holsteins and 23.2% for Brown Swiss. Similar
values for 16 carbon fatty acids were 29.4 and 29.5%
for the two breeds and longer-chain fatty acids (>16
carbons) represented 49.2% and 47.4% of total fatty
acids for Holstein and Brown Swiss cows, respectively.
Similarities in milk fatty acid composition between Hol-
stein and Brown Swiss have been observed previously
by DePeters et al. (1995). Jensen (2002) authored an
extensive review of the fatty acid composition of bovine
milk, and he pointed out that data are limited where
modern analytical methods and large sample sets were
utilized. The present study represents a large dataset
that illustrates the pattern and individual variation in
the fatty acid composition of milk fat, but it is limited
to a single herd and a single diet.

One objective was to evaluate the effect of breed,
parity, and DIM on milk fat content of CLA. This same
model was applied to all fatty acids, and Table 4 pres-
ents the significance level for the model terms for indi-
vidual fatty acids. Breed, parity, and DIM had signifi-
cant effects on many of the fatty acids. Total variation
for each fatty acid and the proportion of variation ac-
counted for by the model and specific model terms are
shown in Table 5. In general, the model accounted for
less than 25% of total variation. Thus, breed, parity,
and DIM accounted for only a small proportion of the
total variation that existed for individual fatty acids.

Milk Fat Conjugated Linoleic Acid

The cis-9, trans-11 CLA in milk fat originates from
the incomplete biohydrogenation of polyunsaturated
fatty acids, and diet can have a major impact on the
milk fat content [see reviews by Bauman et al. (2001),
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Table 3. Milk fat composition.1

Holstein Brown Swiss

Variable Mean ± SE Range Mean ± SE Range

Fatty acid, %
4:0 4.61 ± 0.11 2.66–9.45 5.18 ± 0.11 3.15–7.73
6:0 1.91 ± 0.02 1.27–2.61 2.05 ± 0.02 0.67–2.73
8:0 0.99 ± 0.02 0.52–1.31 1.12 ± 0.02 0.23–1.49

10:0 2.11 ± 0.04 0.89–2.86 2.41 ± 0.04 0.36–3.53
12:0 2.29 ± 0.04 0.92–3.16 2.62 ± 0.04 0.43–3.83
14:0 8.15 ± 0.10 4.16–10.91 8.53 ± 0.10 2.55–10.54
14:1, cis-9 0.61 ± 0.02 0.14–1.23 0.60 ± 0.02 0.16–1.15
15:0 0.74 ± 0.01 0.50–1.44 0.69 ± 0.01 0.37–0.99
16:0 28.05 ± 0.13 24.98–33.41 28.32 ± 0.13 24.41–32.58
16:1, cis-9 1.30 ± 0.02 0.80–2.40 1.13 ± 0.02 0.72–1.83
17:0 0.60 ± 0.01 0.48–0.98 0.59 ± 0.01 0.48–1.10
18:0 12.27 ± 0.17 6.63–18.29 11.85 ± 0.17 8.43–20.73
18:1, trans-4 0.04 ± 0.01 0.03–0.08 0.05 ± 0.01 0.02–0.09
18:1, trans-5 0.04 ± 0.01 0.02–0.11 0.04 ± 0.01 0.02–0.06
18:1, trans-6 to 8 0.57 ± 0.01 0.42–0.78 0.49 ± 0.01 0.33–0.64
18:1, trans-9 0.44 ± 0.01 0.29–0.61 0.40 ± 0.01 0.30–0.50
18:1, trans-10 0.85 ± 0.01 0.61–1.89 0.72 ± 0.01 0.47–0.95
18:1, trans-11 1.14 ± 0.02 0.71–2.43 0.95 ± 0.02 0.60–1.81
18:1, trans-12 0.87 ± 0.01 0.57–1.23 0.79 ± 0.01 0.55–0.99
18:1, cis-9 25.01 ± 0.22 19.57–30.36 24.52 ± 0.22 19.40–32.29
18:2, cis-9, cis-12 3.62 ± 0.04 2.48–4.44 3.41 ± 0.04 2.62–4.49
18:3, cis-9, cis-12, cis-15 0.39 ± 0.01 0.22–0.54 0.38 ± 0.01 0.27–0.48
20:0 0.15 ± 0.01 0.08–0.19 0.15 ± 0.01 0.10–0.18
cis-9, trans-11 CLA 0.44 ± 0.01 0.24–0.72 0.41 ± 0.01 0.24–0.68
Others2 2.81 ± 0.02 2.31–3.66 2.66 ± 0.02 1.97–3.5

Desaturase index3

cis-9 14:1 0.06 ± 0.01 0.03–0.13 0.06 ± 0.01 0.04–0.12
cis-9 16:1 0.04 ± 0.01 0.03–0.08 0.03 ± 0.01 0.03–0.06
cis-9 18:1 0.67 ± 0.01 0.58–0.75 0.67 ± 0.01 0.57–0.75
Conjugated linoleic acid 0.28 ± 0.01 0.15–0.37 0.30 ± 0.01 0.16–0.40

1Milk samples were obtained on a single day from Holstein (n = 113) and Brown Swiss (n = 106) dairy
cows, while all cows were consuming the same diet. Values represent actual means for respective breeds.

2Fatty acids >16 carbons that were present in trace amounts.
3Desaturase indexes are ratio of the Δ9-desaturase product divided by the sum of the Δ9-desaturase

product and substrate as described in the Materials and Methods. For example, the desaturase index for
cis-9 14:1 would be (cis-9 14:1)/(cis-9 14:1+14:0).

Chilliard et al. (2001)]. However, substantial variation
in milk fat content of cis-9, trans-11 CLA is observed
among individuals consuming the same diet. The indi-
vidual frequency distribution of the milk fat content of
CLA is presented in Figure 1. Average CLA content
was 4.3 mg/g of fatty acids, but the range among individ-
uals was approximately threefold (2.3 to 7.2 mg/g of
fatty acid). Studies over a wide range of diets with more
limited animal numbers have reported a similar range
in CLA content of milk fat among individuals consum-
ing the same diet (Jiang et al., 1996; Kelly et al., 1998a,
1998b; Lawless et al., 1998; Solomon et al., 2000; White
et al., 2001; Lock and Garnsworthy, 2002; Peterson et
al., 2002).

Our study design avoided confounding effects of diet
and season on milk fat content of CLA by having all
cows consuming the same diet and obtaining milk sam-
ples on the same day. However, we are dependent on
a single milk sample for each cow. Previous studies
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have demonstrated that individual animals are quite
consistent over time in their milk fat content of CLA,
and that the hierarchy in CLA content among individu-
als is maintained even when cows are switched among
diets that give very different values for the CLA content
of milk fat (Kelly et al., 1998b; Lawless et al., 1999;
White et al., 2001; Peterson et al., 2002).

The majority of the CLA in milk fat is of endogenous
origin, synthesized via the enzyme Δ9-desaturase from
trans-11 18:1, an intermediate in the rumen biohydro-
genation of linoleic and linolenic acids (Griinari et al.,
2000; Corl et al., 2001; Lock and Garnsworthy, 2002;
Piperova et al., 2002). This enzyme also plays a critical
role in maintaining fluidity of cellular membranes and
milk fat (Parodi, 1982; Chilliard et al., 2000). The rela-
tionship between cis-9, trans-11 CLA, and trans-11 18:1
reflects Δ9-desaturase activity and can be used to calcu-
late a CLA-desaturase index (Bauman et al., 2001).
Desaturase indexes have been calculated previously by
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Table 4. Summary of significance levels for model terms for individual milk fatty acids.1

Model term

Variable Breed Parity DIM DIM2

Fatty acid
4:0 *** *** *** ***
6:0 ** **
8:0 *** *** * *

10:0 *** *** ** **
12:0 *** *** *** ***
14:0 * *** *** ***
14:1, cis-9 *** *** ***
15:0 ** * *** **
16:0 *** ***
16:1, cis-9 *** *** ***
17:0 ** *** ***
18:0 * *** ***
18:1, trans-4 *** ***
18:1, trans-5 ***
18:1, trans-6 to 8 ***
18:1, trans-9 *** *** **
18:1, trans-10 ***
18:1, trans-11 *** *** ***
18:1, trans-12 *** *** ***
18:1, cis-9 **
18:2, cis-9, cis-12 ***
18:3, cis-9, cis-12, cis-15
20:0
cis-9, trans-11 CLA ** **
Others2 *** *

Desaturase index3

cis-9 14:1 * ** *** ***
cis-9 16:1 *** ** **
cis-9 18:1 *** ***
Conjugated linoleic acid *** *** ***

1A statistical model was developed to examine the effect of breed, parity, and DIM postpartum. The
quadratic term for DIM squared was included in the model because it was significant for some fatty acids.

2Fatty acids >16 carbons that were present in trace amounts.
3Desaturase indexes are ratio of the Δ9-desaturase product divided by the sum of the Δ9-desaturase

product and substrate as described in the Materials and Methods. For example, the desaturase index for
cis-9 14:1 would be (cis-9 14:1)/(cis-9 14:1+14:0).

* = P < 0.05; ** = P < 0.01; *** = P < 0.001.

Malau-Aduli et al. (1997), Choi et al. (2000), Morales et
al. (2000), Beaulieu et al. (2001), Lock and Garnsworthy
(2002), and Peterson et al. (2002), but groups used
slightly different formulas. We calculated the desatur-
ase index as defined in the Materials and Methods,
and Figure 1 (bottom panel) presents the frequency
distribution of individuals for the CLA-desaturase in-
dex involving cis-9, trans-11 CLA, and trans-11 18:1.
The variation among individuals represented over a
threefold range. Similar individual variation was re-
ported by Peterson et al. (2002) and Lock and Garnswor-
thy (2002, 2003).

Milk fat contains three additional fatty acid pairs
that represent a product/substrate relationship for Δ9-
desaturase. These are cis-9 14:1/14:0, cis-9 16:1/16:0,
and cis-9 18:1/18:0. Similar to previous studies (Pe-
terson et al., 2002), we observed that desaturase in-
dexes based on these pairs were correlated (Table 6).
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With the exception of the cis-9 16:1-desaturase index,
correlation coefficients among the other desaturase in-
dexes ranged from 0.63 to 0.87.

Figure 2 summarizes breed effects on CLA concentra-
tion in milk fat and CLA-desaturase index. CLA content
of milk fat was higher in Holsteins (4.4 ± 0.1 mg/g of
fatty acid) than in Brown Swiss (4.1 ± 0.1 mg/g of fatty
acid) and CLA-desaturase index also differed. Although
significant (P < 0.01), these differences are inconsequen-
tial when compared with the effects of dietary manipu-
lation or the variation among individuals. Breed ac-
counted for <0.1% of the total variation in the CLA
concentration in milk fat (Table 5). We are not aware
of any previous investigations of the effect of breed on
desaturase index, but several studies have examined
milk fat content of CLA. Lawless et al. (1999) compared
four breeds, Irish Holstein/Friesian, Dutch Holstein/
Friesian, Montbeliardes, and Normandes that were
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Table 5. Percent of the variation accounted for by model terms for the milk fatty acid content of individual
fatty acids.

Sums of squares1 Model3

Variable Total Model %2 Breed Parity (DIM + DIM2)

Fatty acid
4:0 390.3 23.1 20.3–25.6 17.7–25.3 48.2–62.8
6:0 17.8 17.0 30.5–33.2 27.2–37.5 28.9–43.2
8:0 7.8 22.7 55.3–57.9 30.4–33.4 9.7–14.6

10:0 50.7 24.1 34.1–38.6 38.1–42.2 18.6–29.1
12:0 62.9 28.8 26.9–32.2 26.0–33.1 34.1–48.2
14:0 302.8 22.9 7.8–11.6 19.3–25.1 61.7–74.6
14:1, cis-9 9.0 34.9 0.0–0.6 7.9–15.0 83.3–93.1
15:0 2.8 9.5 34.1–40.1 14.6–18.2 40.5–52.2
16:0 413.5 9.8 10.0–14.4 1.9–3.8 81.0–89.0
16:1, cis-9 14.5 26.8 33.2–38.9 7.1–13.6 47.4–59.6
17:0 1.4 35.8 1.1–2.9 6.1–12.1 84.0–93.9
18:0 912.0 30.0 3.5–6.4 1.4–4.9 88.0–95.8
18:1, trans-4 <0.1 12.6 53.4–55.9 35.0–40.7 4.2–11.6
18:1, trans-5 <0.1 13.3 76.0–80.2 4.4–7.5 12.9–19.4
18:1, trans-6 to 8 1.1 28.0 95.8–96.4 3.5–4.0 0.0–0.5
18:1, trans-9 0.6 24.8 67.8–74.0 0.5–1.7 24.1–31.8
18:1, trans-10 5.8 18.3 93.2–94.4 2.9–4.1 1.4–4.4
18:1, trans-11 17.1 33.3 34.0–40.1 0.0–0.5 58.6–66.21
18:1, trans-12 2.6 21.1 57.4–64.0 1.7–3.2 32.5–41.2
18:1, cis-9 1239.5 9.1 9.6–11.7 31.6–44.7 43.4–59.3
18:2, cis-9, cis-12 43.8 7.5 74.2–75.2 12.5–15.7 8.1–14.5
18:3, cis-9, cis-12, cis-15 0.4 2.5 49.5–56.2 5.5–8.5 34.9–45.6
20:0 2.0 14.3 19.7–24.9 7.6–14.6 60.5–73.0
cis-9, trans-11 CLA 0.1 2.2 0.3–1.4 7.7–14.5 83.1–93.1
Others4 14.3 12.1 71.5–76.9 6.7–8.7 14.2–21.9

Desaturase index2

cis-9 14:1 0.071 30.6 2.9–5.5 2.9–8.4 93.6–99.1
cis-9 16:1 0.015 23.6 46.6–56.6 6.6–13.3 36.6–60.0
cis-9 18:1 0.350 32.2 0.0–0.8 0.0–0.7 96.4–98.2
CLA 0.426 54.9 7.7–11.5 0.0–1.5 86.9–92.3

1The total and model sums of squares were obtained from the ANOVA table.
2Percent of total sums of squares accounted for by the model.
3Model terms were arranged in all possible combinations, and sequential sums of squares were used to

determine the range (in percent) of the variation of the model sums of squares accounted for by each of the
model terms.

4Fatty acids >16 carbons that were present in trace amounts.

grazing pasture. They reported that breed had a small
effect with Montbeliardes, averaging about 13% greater
CLA content in milk fat than the other three breeds.
White et al. (2001) compared Holstein and Jersey cows
that were either fed a TMR in confinement or grazing
pasture; they found that Holstein cows had slightly
higher milk fat concentrations of CLA (∼18% greater
overall). Whitlock et al. (2002) reported a breed × diet
interaction in a study with Brown Swiss and Holstein
cows, but the comparison involved only a limited num-
ber of animals (four Brown Swiss and eight Holstein).
Similarly, Capps et al. (1999) and Dhiman et al. (2002)
compared several dairy breeds, but both studies had
only four or five cows from each breed. Given the exten-
sive variation among individuals discussed earlier, ex-
amination of breed differences will require a significant
number of animals from each breed. Nevertheless, the
limited published work and the present study indicate
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that breed has a minimal effect on milk fat content of
CLA and the CLA-desaturase index.

There were no differences in milk fat content of CLA
or the CLA-desaturase index between primiparous and
multiparous animals (Figure 2). Parity accounted for
<0.3% of the total variation in milk fat content of CLA
(Table 5). We are not aware of any published studies
that have systematically examined the effect of parity
on these CLA variables. Stanton et al. (1997) included
parity as a variable in two studies that examined the
effect of diet on milk fat content of CLA; they found no
consistent effect, although cows with greater than four
parities did have a higher milk fat content of CLA than
cows of two to four parities at one sampling time in one
of the studies.

Figure 3 shows the relationship of DIM with milk fat
content of CLA (top panel) and CLA-desaturase index
(bottom panel). Stage of lactation had little effect on
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Figure 1. Frequency distribution for milk fat content of conjugated
linoleic acid (CLA; top panel) and CLA-desaturase index (cis-9, trans-
11 CLA/cis-9, trans-11 CLA + trans-11 18:1; bottom panel). Milk
samples were collected on a single day from 219 dairy cows consuming
a single TMR.

these two CLA-related variables. The term DIM + DIM2

accounted for <2.0% of the total variation in milk fat
content of CLA (Table 5). Auldist et al. (1998) examined
effects of stage of lactation on milk fat content of CLA
with pasture fed cows (n = 80); they compared early
(∼30 DIM), mid (∼120 DIM), and late (∼210 DIM) lacta-

Table 6. Correlation coefficients for desaturase indexes.1

Desaturase index

Desaturase index cis-9 16:1 cis-9 18:1 CLA

cis-9 14:1 Holstein 0.65* 0.65* 0.74*
Brown Swiss 0.63* 0.73* 0.70*
Combined 0.64* 0.67* 0.66*

cis-9 16:1 Holstein 0.55* 0.51*
Brown Swiss 0.68* 0.44*
Combined 0.54* 0.35*

cis-9 18:1 Holstein 0.86*
Brown Swiss 0.87*
Combined 0.85*

1Desaturase indexes are ratio of the Δ9-desaturase product divided by the sum of the Δ9-desaturase
product and substrate as described in the Materials and Methods. For example, the desaturase index for
cis-9 14:1 would be (cis-9 14:1)/(cis-9 14:1+14:0).

*P < 0.0001.
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Figure 2. Milk fat content of conjugated linoleic acid (CLA; solid
bars) and CLA-desaturase index (cis-9, trans-11 CLA/cis-9, trans-11
CLA + trans-11 18:1; striped bars) for dairy cows grouped by breed
and parity. Milk samples were collected on a single day from 219
dairy cows consuming a single TMR and values are least squares
means. Breeds differed for both CLA content and CLA-desaturase
index (P < 0.01), whereas there were no differences for parity (P >
0.05). Error bars corresponding to the SEM are shown (0.007 mg/g
fatty acids for CLA and 0.002 for CLA-desaturase Index).

tion and observed a small increase going from 7.9 mg/
g of fatty acids in early lactation to 9.7 mg/g fatty acids
in late lactation. Stanton et al. (1997) reported no effect
due to lactation stage on CLA levels in milk fat in two
studies that were more limited in scope, the first involv-
ing 36 cows ranging from 12 to 93 DIM and the second
study using 45 cows ranging from 99 to 193 DIM.

There is interest in the relationship of CLA to milk
and milk fat production and the size of our dataset
allows this to be examined. In the present study, milk
yield ranged from 11 to 62 kg/d, milk fat percent ranged
from 1.9 to 6.1%, and milk fat yield ranged from 0.3 to
2.3 kg/d. Figure 4 summarizes the relationship of CLA
concentration in milk fat with milk yield, milk fat per-
cent, and milk fat yield, while the same relationships
with CLA-desaturase index are presented in Figure 5.
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Figure 3. Relationship of DIM with milk content of conjugated
linoleic acid (CLA; top panel) and CLA-desaturase index (cis-9, trans-
11 CLA/cis-9, trans-11 CLA + trans-11 18:1; bottom panel). Data
represent milk samples collected on a single day from 219 dairy cows
consuming a single TMR. Graph depicts data points for individual
cows with the exception of eight cows that were >400 DIM.

Clearly, the yield of milk, milk fat percent, and milk
fat yield have little or no impact on individual variation
for these two CLA variables. There have been no previ-
ous published studies examining this, but calculations
using the dataset of Lock and Garnsworthy (2003) also
found that milk fat content of CLA and CLA-desaturase
index were independent of milk yield and milk fat yield
and milk fat percentage (Lock, personal communi-
cation).

CONCLUSIONS

Numerous investigations have demonstrated that
diet has a substantial effect on the milk fat content
of CLA, but physiological factors and variation among
individuals has been less well studied. The present
study demonstrated that the variation in both milk fat
content of CLA and CLA-desaturase index was over
threefold among individuals consuming the same diet;
this needs to be considered in the design of experiments.
Breed (Holstein vs. Brown Swiss), parity, and DIM had
little relationship to the individual variation for these
two CLA variables. Likewise, these CLA variables were
essentially independent of milk yield, milk fat percent,
and milk fat yield. Overall, the physiological and ge-
netic basis for the individual variation in milk fat con-
tent of CLA and the CLA-desaturase index remains to
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Figure 4. Relationship between milk fat content of conjugated
linoleic acid (CLA) and milk production (top panel), milk fat percent
(middle panel), and milk fat yield (bottom panel). Data points repre-
sent milk samples collected on a single day from 219 dairy cows
consuming a single TMR.

be identified, but it must be related to two broad as-
pects—rumen output of trans-11 18:1 and to a lesser
extent cis-9, trans-11 CLA, and to the amount and activ-
ity of Δ9-desaturase in tissues.
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Figure 5. Relationship between CLA-desaturase index (cis-9,
trans-11 CLA/cis-9, trans-11 CLA + trans-11 18:1) and milk produc-
tion (top panel), milk fat percent (middle panel) and milk fat yield
(bottom panel). Data represent milk samples collected on a single
day from 219 dairy cows consuming a single TMR.
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